Objective: The purpose of this study was to determine the effectiveness of water immersion as a means of reducing peripheral edema during the last 6 weeks of pregnancy. Background: Peripheral edema is a common complaint during pregnancy and is associated with a number of activity limitations. Common interventions for edema include elevation and use of compression hose. Immersion in water represents another potential intervention to eliminate or minimize some of the functional limitations associated with peripheral edema during pregnancy. Study Design: Thirty-two pregnant women in at least their 34th weeks of a normally progressing pregnancy were assigned randomly to either standing water immersion (16) or to sitting upright in a chair with legs elevated at poolside (16) . Subjects in the water group (W) were immersed up to the xiphoid process for 20 minutes in a swimming pool (85-90ЊF). Subjects in the land group (L) sat in a chair with both feet elevated for 20 minutes. Changes in right foot volume were quantified by foot volumetry immediately pre-and post-intervention. Results: Right foot volume decreased 38 Ϯ 18 mL (mean Ϯ SD) for W and increased 2 Ϯ 14 mL for L (P Ͻ .001 for between groups). Conclusions: Water immersion for 20 minutes is an effective means of decreasing pedal edema during pregnancy.
ABSTRACT INTRODUCTION
Women experience many physiologic changes during the course of pregnancy. Most pregnant women experience peripheral edema, particularly in the lower extremities, as pregnancy progresses, which can lead to activity limitations and participation restrictions for the expectant mother. Significant peripheral edema is estimated to occur in 80% of pregnancies. [1] [2] [3] Of these, 50% have peripheral edema limited to the lower extremities, whereas 50% experience more generalized edema including the face and fingers. [1] [2] [3] Traditional interventions for lower extremity edema consist of elevation of the legs or the use of support hose/compression garments. 4 Leg elevation may take the forms of sitting with feet elevated, left sidelying, or bed rest in semi-Fowler's position with the legs elevated. The principle supporting leg elevation involves decreasing the length of venous columns (distance between the feet and the heart) as a means of reducing capillary hydrostatic pressure, which, in turn, leads to reabsorption of interstitial fluid, increased thoracic blood volume, and greater excretion of water by the kidneys. However, as the number of women who continue in the workforce through the third trimester of pregnancy increases, 5 they are less likely to have opportunities for leg elevation while working all day.
Use of support hose and compression garments increases interstitial pressure, promoting reabsorption of interstitial fluid and therefore excretion of water. The effects of lower extremity elevation and external compression are difficult for pregnant women to control by themselves without professional help and, therefore, the effects of at-home compression strategies are likely to vary significantly among pregnant women. Devices sold as support hose produce widely varying amounts of compression based on the size and shape of the lower extremities. 6 Furthermore, a gradient of compression from higher compression distally to lower compression proximally is required to make them effective. Poorly fitting support hose is unlikely to produce a useful pressure gradient along the lower extremities. 6, 7 Even custom-fit gradient compression garments may begin to lose effectiveness over time, depending on how well they are maintained because of loss of elasticity of the garment and decreased limb size. 7 In addition, compliance in hotter environments or during summer months may be difficult.
Water immersion, on the contrary, gives a uniform compression that does not vary over time and produces a natural pressure gradient. Similar to compression garments, interstitial fluid pressure is increased, resulting in increased vascular volume, increased glomerular filtration (rate at which water is filtered from the blood into the renal tubules), and water excretion. 8, 9 Diuresis postintervention has been used as an indirect measure of the effectiveness of interventions to reduce peripheral edema. Water immersion reduces peripheral edema and appears to persist with daily serial immersion. [10] [11] [12] [13] Water immersion (32°C-34°C/89.6°F-93.2°F) and exercise in water cause significantly greater diuresis when compared with a comparable level of land exercise or bedrest intervention; however, no significant difference in diuresis has been demonstrated between water aerobics and static immersion. 14 Subjectively, this increase in urinary output is associated with a significant decline in ankle edema and with a better fit of shoes on feet and rings on fingers. 15 In addition to the effects on peripheral edema, aquatic activities may be used for relaxation, range-of-motion/flexibility exercises, alleviating joint compressive forces, aerobic conditioning, spinal stabilization, and balance activities. 16 The aquatic environment is particularly useful for those having difficulty continuing their land exercise programs during the last trimester. Swimming as a form of exercise during pregnancy has been discussed in the literature. [17] [18] [19] In addition, aquatic exercise at moderate temperatures has been shown to be safe for both fetus and mother 10, 20, 21 and provides benefits for the mother including a significantly lower maternal HR during and after exercise, lower systolic and diastolic blood pressures during exercise, and a greater diuresis when compared with the same intensity of exercise on land. 14, 22 Women who participate in an aquatic exercise program have significantly less low back pain and sick leave secondary to low back pain when compared with a control group. [23] [24] [25] Moreover, aquatic aerobic exercise classes decrease psychological stress. 26 Previous studies examining the effects of water immersion for peripheral edema have used a variety of approaches including standing immersed to shoulder level, swimming or other varieties of horizontal positioning, immersion in a bathtub submerged to the waist (long sitting), and sitting in a tank submerged to the shoulders with legs down. Of these, standing immersed to shoulder level appears to create the greatest diuretic effect. 20 In addition to diuresis, a number of other dependent variables have been examined. These variables have included sodium and potassium clearance, specific gravity of the urine, plasma protein and osmolarity, hematocrit and hemoglobin concentration of the blood, body weight, maternal blood pressure and heart rate, and lower extremity volumetry. [10] [11] [12] [13] [14] [15] 21 Of these, only lower extremity volumetry directly measures peripheral edema related to activity limitations and participation restrictions created by peripheral edema during pregnancy. Subjects in pre-vious studies using vertical immersion included those with uncomplicated, normally progressing singleton pregnancies ranging from 20 to 41 weeks of gestation, but without a clinical diagnosis of lower extremity edema. [10] [11] [12] [13] [14] [15] 21 Immersion in these studies ranged from 30 to 50 minutes. [10] [11] [12] [13] [14] [15] 21 Many women may be unwilling to commit this much time, whereas a shorter time may be more appealing. Also, in these previous studies, no direct comparison was made with traditional means of edema control such as lower extremity elevation. For this study, subjects were limited to women with a diagnosis of functionally significant lower extremity edema that has affected the ability to perform daily activities during the last 6 weeks of pregnancy. In addition, the effectiveness of vertical standing immersed in water for a more reasonable time of 20 minutes in reducing lower extremity edema acutely was measured directly by foot volumetry.
METHODS
Subjects were recruited by flyers, pamphlets, and word of mouth from local obstetricians. All subjects had been diagnosed with functionally significant lower extremity edema that limited activity during the last 6 weeks of pregnancy and were cleared medically by their obstetricians. This study was approved by the institutional review board. Functionally significant lower extremity edema was defined as visually evident ankle/foot swelling, inability to wear shoes worn prior to pregnancy, and obvious indentation following removal of socks. Thirty-two women met inclusion criteria and were entered into the study.
Foot volumetry reliability was determined prior to the study by standard intratester means using 10 nonpregnant volunteers of either sex to provide a range of foot volume ranges expected for this study. Intraclass correlation was 0.99, indicating excellent test-retest reliability for foot volumetry.
Subjects were randomized into land and water intervention groups. Sixteen subjects each completed the water immersion and land interventions. The subjects sat in multipurpose chairs with molded plastic seats, measuring 46 cm (18ЈЈ) high and 51 cm (20ЈЈ) wide and deep without arm rests. Foot volumetry was performed by standard methods for the right foot at poolside immediately before and following intervention. Land subjects continued to sit upright at poolside for 20 additional minutes with legs elevated on an identical chair with a pillow placed under the legs from approximately mid-calf through the foot. The 2 chairs were placed facing each other. The pillow was placed perpendicular to the legs and the same height pillow was used for all of the land-based intervention.
After the 20-minute period of leg elevation, right foot volume was measured again. Water immersion subjects walked into the pool, using a standard pool ladder to a depth that provided immersion to the level of the xiphoid process. Subjects were allowed to stand or walk in place for 20 minutes. Water temperature ranged between 29˚C and 33˚C (85˚F and 90˚F) for the 16 water immersion subjects. Following the 20minute immersion period, subjects returned to the poolside chair and foot volumetry was repeated.
Between-groups comparison of the difference between preintervention and postintervention foot volume was analyzed using the independent t test function of SPSS 10.5. Within-group analysis to determine whether a change in a volume occurred with the intervention was performed using the paired t test function of SPSS 10.5 using the preintervention and postintervention scores of the water immersion and also using the comparable data for the land intervention.
RESULTS
Prior to intervention, measured volumes were 1383 Ϯ 183 mL for the group randomized to leg elevation at poolside and 1408 Ϯ 186 mL for the group randomized to water immersion. Following intervention, measured volumes were 1386 Ϯ 179 mL for the land group and 1370 Ϯ 191 mL for the immersion group. Within-groups analysis demonstrated that water immersion reduced volume (P Ͻ .001) whereas sitting with feet elevated did not (P ϭ .24). Between-groups analysis showed that right foot volume decreased significantly more in the water immersion group (P Ͻ .001). For the water immersion group, foot volume decreased 38 Ϯ 18 mL (mean Ϯ SD). For the subjects who elevated their lower extremities on a chair, foot volume increased 2 Ϯ 14 mL. Individual data showed 14 of the 16 subjects in the water immersion decreased volume (range, 25-60 mL), 2 subjects did not change, and none had an increase in volume. For the land group, 6 of the 16 subjects decreased in volume (range, 5-20 mL), 3 of the 16 showed no change, and 7 increased in volume (range, 5-30 mL). The ratio of those benefiting from water immersion to no change was 14/2 and the ratio of those benefiting from sitting with elevated legs on land to those with no change or a worsening was 6/10, giving an odds ratio of 11.7 with a confidence interval of 1.94 to 70.18.
DISCUSSION
During pregnancy, many women develop lower extremity edema that can lead to activity limitations and participation restrictions and the need for assistance. Our results, as well as those of previous stud-ies, demonstrate that water immersion is an effective means of reducing edema during pregnancy. Whereas previous studies have shown benefits of immersion on parameters such as diuresis and blood chemistry changes indicative of reduction of peripheral edema in subjects with varying lengths of gestation and have not uniformly included women with functionally significant peripheral edema, the present study shows actual reduction in pedal edema of women who have functionally significant edema as defined by visually evident ankle/foot swelling, inability to wear shoes worn prior to pregnancy, and obvious indentation following removal of socks.
Clinical Implications
Previous studies have used long immersion times that may not be acceptable for many women. In this study, we found that immersion times as short as 20 minutes reduced foot volume in 86% of those receiving this intervention compared with only 38% of those who elevated their legs for the same period. Further study is needed to determine optimal immersion parameters. Study of the effectiveness of different immersion times-both shorter and longer-is needed. For example, would longer immersion time lead to volume reduction in 100% of subjects? Further study would be required to determine whether an immersion time shorter than 20 minutes might be just as effective as 20 minutes, or whether immersion times longer than 20 minutes might produce greater volume reduction than 20 minutes. Should greater volume reduction be achieved by longer immersion times, women may be willing to remain immersed to achieve greater benefit.
Another possible mechanism for edema reduction to be explored is the effect of exercise during immersion. Lower extremity exercise during immersion is expected to create muscle pumping action that may assist in the removal of fluid from the dependent lower extremities to the central circulation. Several studies have examined the maternal and fetal cardiovascular effects of exercise during immersion but did not measure effects on lower extremity volume. 20 Goodlin et al 15 measured increased urine output with exercise during immersion but did not compare static immersion with exercise. Subjects in our study were allowed to stand or walk in place, but no comparison was made between static standing and moving subjects and seated land-based subjects were not permitted any corresponding movements. Hartmann and Huch 27 measured greater reductions in foot volume than in our study (112 mL left and 84 mL right) during a 45-minute period of exercise while immersed to the axillary level. However, we cannot distinguish whether a difference in the subjects, the longer time immersed, or the activity during immersion is responsible for the greater volume loss measured in Hartmann and Huch's study. In contrast, Kent et al. found a similar amount of diuresis when comparing static immersion with "water aerobics." 14(p726) A direct comparison between Kent's study and that of Hartmann and Huch is not possible as Kent et al measured diuresis and Hartmann and Huch measured foot volume using the same technique as our study. Moreover, Hartmann and Huch used the Aqua-Fit exercise program that consists of primarily of a running type of exercise, whereas Kent et al. used a program that consisted of both upper and lower extremity activities, which included some underwater running exercise.
Limitations
This study examined only a single episode of immersion and did not examine the ability to retain volume reduction. Further study is needed to determine how long the volume reduction persists, how frequently pregnant women may require immersion to retain the effect, or whether other interventions such as exercise during immersion produce even greater volume reduction.
CONCLUSIONS
Many women experience functionally significant edema during pregnancy. Elevation of the lower extremities is commonly suggested as a means of addressing edema but is less likely to be effective than water immersion to the level of the xiphoid. ❍
